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LITHIUM SILICATE MATERALS 

0001. This application is a division of U.S. patent appli 
cation Ser. No. 10/913,095, filed Aug. 6, 2004, which claims 
priority to German Patent Application Serial No. 103 36 
913.9, filed Aug. 7, 2003, which are herein incorporated by 
reference in their entirety. 
0002. The invention relates to lithium silicate materials 
which can be easily shaped by machining and Subsequently 
converted into shaped products with high strength. 
0003. There is an increasing demand for materials which 
can be processed into dental restorative products. Such as 
crowns, inlays and bridges, by means of computer controlled 
milling machines. Such CAD/CAM methods are very attrac 
tive as they allow to provide the patient quickly with the 
desired restoration. A so-called chair-side treatment is thus 
possible for the dentist. 
0004. However, materials suitable for processing via com 
puter aided design/computer aided machining (CAD/CAM) 
methods have to meet a very specific profile of properties. 
0005 First of all, they need to have in the finally prepared 
restoration appealing optical properties. Such as translucence 
and shade, which imitate the appearance of the natural teeth. 
They further need to show high strength and chemical dura 
bility so that they can take over the function of the natural 
tooth material and maintain these properties over a sufficient 
period of time while being permanently in contact with fluids 
in the oral cavity which can even be aggressive, Such as acidic 
in nature. 
0006 Secondly and very importantly, it should be possible 
to machine them in an easy manner into the desired shape 
without undue wear of the tools and within short times. This 
property requires a relatively low strength of the material and 
is therefore in contrast to the desired properties mentioned 
above for the final restoration. 
0007. The difficulty of combining the properties of low 
strength in the stage of the material to be processed and a high 
strength of the final restoration is reflected by the known 
materials for a CAD/CAM processing which are in particular 
with respect to an easy machinability unsatisfactory. 
0008 DE-A-19750 794 discloses lithium disilicate glass 
ceramics which are primarily intended to be shaped to the 
desired geometry by a hot-pressing process wherein the mol 
ten material is pressed in the Viscous state. It is also possible 
for these materials to be shaped by computer aided milling 
processes. However, it has been shown that the machining of 
these materials results in a very high wear of the tools and 
very long processing times. These disadvantages are caused 
by the high strength and toughness primarily imparted to the 
materials by the lithium disilicate crystalline phase. More 
over, it has been shown that the machined restorations show 
only a poor edge strength. The term "edge strength” refers to 
the strength of parts of the restoration having only a small 
thickness in the range of few /10 mm. 
0009 Further approaches of achieving easy machinability 
together with a high strength of the final restoration have also 
been made. EP-B-774. 993 and EP-B-817 597 describe 
ceramic materials on the basis of Al-O or ZrO which are 
machined in an unsintered State which is also referred to as 
“green state'. Subsequently, the green bodies are sintered to 
increase the strength. However, these ceramic materials Suf 
fer from a drastical shrinkage of up to 50% by volume (or up 
to 30% as linear shrinkage) during the final sintering step. 
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This leads to difficulties in preparing the restorations with 
exactly the dimensions as desired. The Substantial shrinkage 
represents a particular problem if complicated restorations 
are manufactured, such as a multi-span bridge. 
(0010. From S. D. Stookey: “Chemical Machining of Pho 
tosensitive Glass’, Ind. Eng. Chem., 45, 115-118 (1993) and 
S. D. Stookey: “Photosensitively Opacifiable Glass' U.S. Pat. 
No. 2,684,911 (1954) it is also known that in lithium silicate 
glass ceramics a metastable phase can be formed at first. For 
example in photosensitive glass ceramics (FotoformTM, Foto 
CeramTM) Ag-particles are formed using UV-light. These Ag 
particles serve as crystallization agent in a lithium metasili 
cate phase. The areas which were exposed to light are in a 
subsequent step washed out by diluted HF. This procedure is 
possible since the solubility of the lithium metasilicate phase 
in HF is much higher than the solubility of the parent glass. 
The glass portion remaining after said solubilizing process 
(Fotoform R) can be transferred into a lithium disilicate glass 
ceramic (FotoCeram(R) by an additional heat treatment. 
0011. Also investigations of Borom, e.g. M.-P. Borom, A. 
M. Turkalo, R. H. Doremus: “Strength and Microstructure in 
Lithium Disilicate Glass-Ceramics', J. Am. Ceream. Soc., 58, 
No. 9-10, 385-391 (1975) and M.-P. Borom, A. M. Turkalo, 
R. H. Doremus: “Verfahren Zum Herstellen von Glaskeram 
iken' DE-A-2451 121 (1974), show that a lithium disilicate 
glass ceramic can in the first instance crystallize in varying 
amounts as metastable lithium metasilicate phase. However, 
there also exist compositions which crystallize in the form of 
the disilicate phase from the beginning and the metasilicate 
phase is not present at all. A systematic investigation of this 
effect has not become known. From the investigations of 
Borom it is also known that the glass ceramic which contains 
lithium metasilicate as the main phase has a reduced strength 
compared to the one of a glass ceramic which only contains a 
lithium disilicate phase. 
0012. Thus, the prior art materials show a couple of short 
comings. It is, therefore, an object of the present invention to 
eliminate these disadvantages and in particular to provide a 
material which, above all, can be easily shaped by computer 
aided milling and trimming processes and can Subsequently 
be converted into high-strength dental products which also 
display a high chemical durability and excellent optical prop 
erties and exhibit a drastically reduced shrinkage during said 
final conversion. 
0013 This object is achieved by the lithium silicate glass 
ceramic material. 
0014. The invention also relates to a lithium disilicate 
material, a dental product, processes for the preparation of a 
lithium silicate blank and a dental restoration according to, a 
lithium silicate glass, a blank, and to methods for manufac 
turing a lithium silicate restoration or a dental restoration. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0015 FIG. 1 shows a principle temperature profile of a 
process according to the invention starting from the melt via 
lithium metasilicate to lithium disilicate. 
0016 FIG. 2 shows a DSC-plot of a lithium silicate mate 
rial according to example 13. 
(0017 FIG. 3 shows a high temperature XRD of a lithium 
silicate material according to example 13, in form of a bulk 
glass sample. 
0018 FIG. 4 shows an XRD for phase analysis of a lithium 
silicate material according to example 13 after nucleation and 
first crystallization. 
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0019 FIG. 5 shows an SEM-micrograph, back scattered 
electrons, of a lithium silicate material according to example 
13 after nucleation and first crystallization. 
0020 FIG. 6 shows an XRD for phase analysis of a lithium 
silicate material according to example 13 which was Sub 
jected to nucleation, first crystallization and second crystal 
lization conditions, and 
0021 FIG. 7 shows an SEM-micrograph, back scattered 
electrons, of a lithium silicate material according to example 
13 which was subjected to nucleation, first crystallization and 
second crystallization conditions and has an etched surface. 
0022. It has surprisingly been shown that by using a start 
ing glass of a very specific composition and a specific process 
it is possible to provide the glass ceramic according to the 
invention which has metastable lithium metasilicate 
(Li2SiO) as main crystalline phase rather than lithium dis 
ilicate (Li2SiO5). This lithium metasilicate glass ceramic has 
a low strength and toughness and hence can be easily 
machined into the shape of even complicated dental restora 
tions, but can after Such machining be converted by a heat 
treatment into a lithium disilicate glass ceramic product with 
outstanding mechanical properties, excellent optical proper 
ties and very good chemical stability thereby undergoing only 
a very limited shrinkage. 
0023 The lithium silicate glass ceramic material accord 
ing to the invention comprises the following components 

Component Wt.% 

SiO2 64.O-73.0 
Li2O 130-17.O 
K20 20-50 
Al2O3 O.S.-S.O 
POs 20-50 

and comprises lithium metasilicate as main crystalline phase. 
0024. Another preferred embodiment of the present inven 
tion is formed by a silicateglass ceramic material as described 
above which is formed in a process which includes a step 
wherein lithium metasilicate as main crystalline phase is pro 
duced. 

0025. It is preferred that the lithium silicate material of the 
present invention further comprises the following additional 
components independently from each other 

Component Wt. 90 

ZnO 0.5-6.0, preferably 2.0-6.0 
Na2O O.0-2.O 
Me"O 0.0–7.0, preferably 0.0–5.0 
ZrO2 O.0-2.O 
colouring and fluorescent 0.5-7.5, 
metal oxides 

with Me"O being one or more members selected from the 
group consisting of CaO, BaO, SrO and MgO. 
0026. A lithium silicate material which comprises the fol 
lowing components, independently of one another, in the 
following amounts is particularly preferred: 
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Component wt. -% 

SiO2 6S.O-7O.O 
Li2O 14.0-16.0 
KO 2.O-5.0 
Al2O3 1.O-5.0 
POs 2.O-5.0 
ZnO 2.O-6.O 
Na2O 0.1-2.0 
MeIO 0.1-7.0, preferably 0.1-5.0 
ZrO2 0.1-2.0 
coloring and fluorescent O.S.-3.5 
metal oxides 

with Me"O being one or more members selected from the 
group consisting of CaO, BaO, SrO and MgO, and 
0027 with the metal of the one or more coloring and 
fluorescent metal oxides being preferably selected from the 
group consisting of Ta, Tb,Y, La, Er, Pr, Ce, Ti, V. Fe and Mn. 
0028. The phrase “... independently from each other. . . 
means that at least one of the preferred amounts is chosen 

and that it is therefore not necessary that all components are 
present in the preferred amounts. 
0029. As colouring components or fluorescent compo 
nents for example oxides off-elements may be used, i.e. the 
list of metals given above is not to be seen as terminal. The 
colouring or fluorescent components ensure that the colour of 
the final dental product matches that of the natural tooth 
material of the patient in question. 
0030. In the above composition POs acts as a nucleation 
agent for the lithium metasilicate crystals and a concentration 
of at least 2 wt % is required for the necessary nucleation. 
Instead of POs other nucleation agents are also possible, e.g. 
compounds of the elements Pt, Ag, Cu and W. 
0031. In addition to the components mentioned above the 
glass ceramic may further comprise additional components to 
enhance the glass technical processability. Such additional 
components may therefore be in particular compounds Such 
as BO, and F which in general amount to 0 to 5.0% by 
weight. 
0032. A lithium silicate material as described above is 
particularly preferred which comprises 67.0 to 70.0 wt % of 
SiO. 
0033. It has surprisingly been shown that a specific vol 
ume portion of lithium metal silicate should be present to 
achieve excellent processing properties. Thus, it is further 
preferred that the lithium metasilicate crystalline phase forms 
20 to 50 vol% and in particular 30 to 40 vol% of the lithium 
silicate material. Such a part of the volume leads to the crys 
tals being present rather remote from each other and hence 
avoids a too high strength of the lithium silicate material. 
0034. The lithium metasilicate crystals are preferably of 
lamellar or platelet form. This leads to a very good machin 
ability of the lithium silicate material without use of high 
energy and without uncontrolled breaking. The latter aspect 
of uncontrolled breaking is for example known from glasses 
which are generally unsuitable for machining. It is assumed 
that the preferred morphology of the lithium metasilicate 
crystals is also responsible for the Surprisingly high edge 
strength of products, e.g. complicated dental restorations, can 
be made from the lithium silicate material according to the 
invention. 
0035. The lithium silicate material according to the inven 
tion preferably is in the form of a blank. The blank usually 
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takes the form of a small cylinder or a rectangular block. The 
exact form depends on the specific apparatus used for the 
desired computer-aided machining of the blank. 
0036. After the machining, the lithium silicate material 
according to the invention has preferably the shape of a dental 
restoration, Such as an inlay, an onlay, a bridge, an abutment, 
a facing, a Veneer, a facet, a crown, a partial crown, a frame 
work or a coping. 
0037. A lithium disilicate material which is formed in a 
process which includes a step wherein a phase comprising 
primarily crystalline lithium metasilicate is produced, the 
lithium metasilicate being Subsequently converted to lithium 
disilicate forms a preferred embodiment of the invention. 
0038 A dental product made from lithium disilicate, said 
lithium disilicate being formed in a process which includes a 
step wherein a phase comprising primarily crystalline lithium 
metasilicate is produced, the lithium metasilicate being Sub 
sequently converted to lithium disilicate forms another pre 
ferred embodiment of the present invention. 
0039. A blank of lithium silicate glass ceramic material 
according to the invention is preferably prepared by a process 
which comprises 
0040 (a) producing a melt of a starting glass containing 
the initial components SiO, Li2O, K2O, Al2O and POs as 
the main components, 

0041 (b) pouring the melt of the starting glass into a 
mould to form a starting glass blank and cooling the glass 
blank to room temperature, 

0.042 (c) subjecting the starting glass blank to a first heat 
treatment at a first temperature to give a glass product 
which contains nuclei Suitable for forming lithium meta 
silicate crystals, 

0043 (d) subjecting the glass product of step (c) to a 
second heat treatment at a second temperature which is 
higher than the first temperature to obtain the lithium sili 
cate blank with lithium metasilicate crystals as the main 
crystalline phase. 

0044) A process as described above, wherein the starting 
glass of step (a) further comprises ZnO, NaO, Me"O, ZrO, 
and coloring and fluorescent metal oxides, with Me"O being 
one or more members selected from the group consisting of 
CaO, BaO, SrO and MgO is preferred. 
0045. A process as described above, wherein the starting 
glass of step (a) comprises the following initial components, 
independently of one another, in the following amounts 

Component wt. -% 

SiO, 6S.O-7O.O 
Li2O 14.0-16.0 
KO 2.0-5.O 
Al2O3 10-5.O 
POs 2.0-5.O 
ZnO 2.0-6.O 
Na2O 0.1-2.0 
MeIO 0.1-7.0, preferably 0.1-5.0 
ZrO2 0.1-2.0 
coloring and fluorescent O.S.-3.5 
metal oxides 

with Me'O being one or more members selected from the 
group consisting of CaO, BaO, SrO and MgO and 
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0046 with the metal(s) of the one or more coloring and 
fluorescent metal oxides being preferably selected from the 
group consisting of Ta, Tb,Y, La, Er, Pr, Ce, Ti, V. Fe and Mn 
is even more preferred. 
0047. In step (a), a melt of a starting glass is produced 
which contains the components of the glass ceramic. For this 
purpose a corresponding mixture of Suitable starting materi 
als, such as carbonates, oxides, and phosphates, is prepared 
and heated to temperatures of, in particular 1300 to 1600°C., 
for 2 to 10 hours. In order to obtain a particularly high degree 
of homogeneity, the glass melt obtained may be poured into 
water to form glass granules and the glass granules obtained 
are melted again. 
0048. In step (b), the melt of the starting glass is poured 
into a corresponding mould, e.g. a steel mould, and cooled to 
room temperature to give a glass product. 
0049. The cooling is preferably conducted in a controlled 
manner so as to allow a relaxation of the glass and to prevent 
stresses in the structure associated with rapid temperature 
changes. As a rule, the melt is therefore poured into preheated 
moulds, e.g. of a temperature of about 400° C. Subsequently, 
the product can slowly be cooled in a furnace to room tem 
perature. 
0050. In step (c) the starting glass product is subjected to a 

first heat treatmentata first temperature to cause formation of 
nuclei for lithium metasilicate crystals. Preferably, this first 
heat treatment involves a heating of the glass product for a 
period of 5 minutes to 1 hour at a first temperature of 450 to 
550°C. In some cases it is convenient to combine step b) and 
step c) in order to relax the glass article and nucleate the 
lithium metasilicate crystals in one single heat treatment 
therefore a process as described above, wherein step (c) is 
replaced by modifying step (b) Such that during the cooling 
process a temperature of about 450 to 550° C. is held for a 
period of about 5 minutes to 50 minutes to produce the glass 
product which contains nuclei suitable for formation of the 
lithium metasilicate crystals during step (b) forms a preferred 
embodiment of the invention. 
0051 A process as described above, wherein in step (c) the 

first heat treatment comprises heating the starting glass blank 
to a temperature of about 450 to 550° C. for a period of about 
5 minutes to 1 hour forms another preferred embodiment of 
the invention. 
0.052 Subsequently, the glass product comprising the 
desired nuclei is cooled to room temperature. 
0053. In the subsequent step (d), the glass product having 
the desired nuclei of LiSiO is subjected to a second heat 
treatment at a second temperature which is higher than the 
first temperature. This second heat treatment results in the 
desired formation of lithium metasilicate crystals as predomi 
nant and preferably as only crystalline phase and therefore 
gives the lithium metasilicate glass ceramic according to the 
invention. Preferably, this second heat treatment of step (d) 
comprises heating the glass product which contains nuclei 
suitable for formation of lithium silicate crystals to a second 
temperature of about 600 to 700° C. for a period of about 10 
to 30 minutes. 
0054 The principle temperature profile of such a process 

is exemplified in FIG. 1. Already starting from the melt (1), 
i.e. at the end of step a) the temperature decreases for relax 
ation of the product in a temperature range of 500 to 450° C. 
(2). The temperature can then be brought to room temperature 
(solid line), step b), and afterwards be brought to a tempera 
ture of about 450 to 550°C. or can be kept in the temperature 
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range of 450 to 500° C. (dotted line). In the region that is 
labelled with (3), step c), nucleation occurs at a temperature 
of 450 to 550° C. and is influenced by P-Os. Then, the glass 
material can beheated directly to a temperature in the range of 
600 to 700° C. and kept at said temperature (4) during which 
time lithium metasilicate forms, step d). Subsequently the 
material can be cooled down (solid line) to e.g. about room 
temperature for grinding, milling or CAD-CAM processing 
and can afterwards be brought to a temperature of about 700 
to 950° C. or can directly be brought to 700 to 950° C. (dotted 
line) at which temperature (5) the second crystallization 
occurs forming the lithium disilicate and where additional 
heat treatment or hot pressing can be undertaken. 
0055 Depending on the specific composition of a selected 
starting glass, it is possible for the skilled person by means of 
differential scanning calorimetry (DSC) and x-ray diffraction 
analyses to determine Suitable conditions in steps (c) and (d) 
to result in materials having the desired morphology and size 
of the crystals of lithium metasilicate. To further illustrate this 
process FIGS. 2 to 5 together with Tables I and II in the 
example section indicate how the relevant data were obtained 
for example 13 using said measurements and are therefore 
obtainable in general. Moreover, these analyses allow also the 
identification of conditions avoiding or limiting the formation 
of undesirable other crystalline phases, such as of the high 
strength lithium disilicate, or of cristobalite and lithium phos 
phate. 
0056 Subsequent to step (d), it is preferred to shape the 
obtained glass ceramic. This is preferably effected by step (e), 
wherein the lithium metasilicate glass ceramic is machined to 
a glass ceramic product of the desired shape, in particular the 
shape of a dental restoration. The machining is preferably 
carried out by trimming or milling. It is further preferred that 
the machining is controlled by a computer, in particular by 
using CAD/CAM-based milling devices. This allows a so 
called chair-side treatment of the patient by the dentist. 
0057. It is a particular advantage of the glass ceramic 
according to the invention that it can be shaped by machining 
without the undue wear of the tools observed with the tough 
and high-strength prior art materials. This is in particular 
shown by the easy possibility to polish and trim the glass 
ceramics according to the invention. Such polishing and trim 
ming processes therefore require less energy and less time to 
prepare an acceptable product having the form of even very 
complicated dental restorations. Lithium disilicate dental res 
torations can be produced in many different ways. Commonly 
used by dental technicians are the CAD/CAM and the hot 
pressing technique. Dentists can use a CAD/CAM method 
(Cerec 2R), Cerec 3(R) to produce chair-side an all-ceramic 
lithium disilicate restoration. The final result is always a 
dental restoration with lithium disilicate as the main crystal 
line phase. For this purpose, the blank can be a lithium meta 
silicate glass ceramic according to the invention. The glass 
ceramic according to the invention cantherefore be processed 
in both ways, by CAD/CAM or by hot-pressing, which is very 
advantageous for the user. 
0058. It is also possible to use for these purposes a corre 
sponding lithium silicate glass which comprises nuclei Suit 
able for formation of lithium metasilicate crystals. This glass 
is a precursor of the lithium metasilicate glass ceramic of the 
invention. The invention is also directed to such a glass. It is 
obtainable by the above process in step (c). 
0059 For manufacturing a dental restoration by the hot 
pressing technique a lithium silicate glass ingot having nuclei 
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for lithium metasilicate is subjected to a heat treatment of 
about 700 to 1200° C. to convert it into a viscous state. The 
heat treatment will be conducted in a special furnace (EP 
500°, EP 600°, Ivoclar Vivadent AG). The ingot is embedded 
in a special investment material. During the heat treatment the 
ingot will be crystallized. The main crystal phase is then 
lithium disilicate. The Viscous glass ceramic flows under a 
pressure of 1 to 4 MPa into the cavity of the investment 
material to obtain the desired shape of the dental restoration. 
After cooling the investment mould to room temperature the 
lithium disilicate restoration can be divested by sandblasting. 
The framework can be further coated with a glass or a glass 
ceramic by sintering or hot pressing technique to get the 
finalized dental restoration with natural aesthetics. 

0060 An ingot which comprises the lithium silicate glass 
ceramic according to the invention is Subjected to a heat 
treatment of about 700 to 1200° C. to convert it into a viscous 
state. The heat treatment will be conducted in a special fur 
nace (EP 500, EP 600R), Ivoclar Vivadent AG). The glass 
ceramic ingot is embedded in a special investment material. 
During the heat treatment the glass ceramic will be further 
crystallized. The main crystal phase is then lithium disilicate. 
The Viscous glass ceramic flows under a pressure of 1 to 4 
MPa into the cavity of the investment material to obtain the 
desired shape of the dental restoration. After cooling the 
investment mould to room temperature the lithium disilicate 
restoration can be divested by sand blasting. The framework 
can be further coated with a glass or a glass ceramic by 
sintering or hot pressing technique to get the finalized dental 
restoration with natural aesthetics. 

0061 For manufacturing a dental restoration by the CAD/ 
CAM technique the lithium silicate or the lithium metasili 
cate blocks with lithium disilicate as possible minor crystal 
line phase having a strength of about 80 to 150 MPa can be 
easily machined in a CAM unit like Cerec 2R) or Cerec 3R) 
(Sirona, Germany). Larger milling machines Such as DCS 
PrecimillR) (DCS, Switzerland) are also suitable. The block is 
therefore positioned in the grinding chamber by a fixed or 
integrated holder. The CAD construction of the dental resto 
ration is done by a scanning process or an optical camera in 
combination with a software tool. The milling process needs 
for one unit 10 to 15 minutes. Copy milling units such as 
Celay(R) (Celay, Switzerland) are also suitable for machining 
the blocks. First, a 1:1 copy of the desired restoration is 
fabricated in hard wax. The wax model is then mechanically 
scanned and 1:1 mechanically transmitted to the grinding 
tool. The grinding process is therefore not controlled by a 
computer. The milled dental restoration has to be subjected to 
a heat treatment to get the desired lithium disilicate glass 
ceramic with high strength and tooth like color. The heat 
treatment is conducted in the range of 700 to 900° C. for a 
period of about 5 to 30 minutes. The framework can be further 
coated with a glass or a glass ceramic by sintering or hot 
pressing technique to get the finalized dental restoration with 
natural aesthetics. 

0062 Blocks with lithium disilicate as main crystalline 
phase can only be grinded in a large milling machine Such as 
DCS PrecimillR) (DCS, Switzerland) due to the high strength 
and toughness of the glass ceramic. The block is therefore 
positioned in the grinding chamber by a fixed metal holder. 
The CAD construction of the dental restoration is done by a 
scanning process in combination with a software tool. An 
additional heat treatment in the range of 700 to 900° C. could 
be conducted in order to close surface flaws which were 
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induced by the grinding process. The framework can be fur 
ther coated with a glass or a glass ceramic by sintering or hot 
pressing technique to get the finalized dental restoration with 
natural aesthetics. 

0063. It has further been shown that the easily machinable 
lithium metasilicate glass ceramic according to the invention 
can be converted into a lithium disilicate glass ceramic prod 
uct by a further heat treatment. The obtained lithium disilicate 
glass ceramic has not only excellent mechanical properties, 
Such as high strength, but also displays other properties 
required for a material for dental restorations. 
0064. Thus, the invention also relates to a process for 
preparing a lithium disilicate glass ceramic product, which 
comprises 
0065 (f) subjecting the lithium metasilicate glass ceramic 
according to the invention to a third heat treatment to convert 
lithium metasilicate crystals to lithium disilicate crystals. 
0066. In this step (f), a conversion of the metastable 
lithium metasilicate crystals to lithium disilicate crystals is 
effected. Preferably, this third heat treatment involves a com 
plete conversion into lithium disilicate crystals and it is pref 
erably carried out by heating at 700 to 950° C. for 5 to 30 
minutes. The Suitable conditions for a given glass ceramic can 
be ascertained by conducting XRD analyses at different tem 
peratures. 
0067. It was also found out that the conversion to a lithium 
disilicate glass ceramic is associated with only a very Small 
linear shrinkage of only about 0.2 to 0.3%, which is almost 
negligible in comparison to a linear shrinkage of up to 30% 
when sintering ceramics. 
0068 A process as described above, wherein the lithium 
silicate blank has a biaxial strength of at least 90 MPa and a 
fracture toughness of at least 0.8 MPam' is preferred. 
0069. A process as described above, wherein the starting 
glass blank of step (b), the glass product containing nuclei 
suitable for forming lithium metasilicate of step (c), or the 
lithium silicate blank with lithium metasilicate as the main 
crystalline phase of step (d) is shaped to a desired geometry 
by machining or by hot pressing to form a shaped lithium 
silicate product is also preferred. 
0070. Such a process, wherein the shaped lithium silicate 
blank is a dental restoration is more preferred and a process 
wherein the dental restoration is an inlay, an onlay, a bridge, 
an abutment, a facing, a Veneer, a facet, a crown, a partial 
crown, a framework or a coping is even more preferred. 
0071. A process as described above, wherein the machin 
ing is performed by grinding or milling forms a preferred 
embodiment of the invention, whereby a process wherein the 
machining is controlled by a computeris even more preferred. 
0072 A process as described above but further comprising 
Subjecting the shaped lithium silicate product to a third heat 
treatment at a third temperature of about 700 to 950° C. for a 
period of about 5 to 30 minutes is another aspect of the present 
invention and said process is particularly preferred when the 
lithium silicate product subjected to the third heat treatment 
comprises lithium metasilicate as the main crystalline phase, 
and wherein the third heat treatment converts the lithium 
metasilicate crystals to lithium disilicate crystals as the main 
crystalline phase of the dental restoration. 
0073. A process as described above wherein the lithium 
silicate product subjected to the third heat treatment com 
prises the glass product containing nuclei Suitable for forming 
lithium metasilicate crystals, and wherein lithium disilicate 
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crystals are crystallized directly from the nuclei suitable for 
forming lithium metasilicate crystals is also preferred. 
0074 Another preferred embodiment of the present inven 
tion is a process as described above, wherein the shrinkage 
that occurs during the third heat treatment is less than 0.5%, 
preferably less than 0.3%, by volume. 
0075. A process as described above which comprises 
shaping of a lithium silicate material to the desired geometry 
by hot pressing to produce the dental restoration is also an 
object of the invention, with a process for manufacturing a 
dental restoration as described above being preferred wherein 
the hot pressing comprises subjecting the lithium silicate 
material to a heat treatment at a temperature of about 500 to 
1200°C. to convert the lithium silicate material into a viscous 
state and pressing the Viscous lithium silicate material under 
a pressure of about 1 to 4MPa into a mould or dye to obtain 
the dental restoration with a desired geometry. 
0076 A process as described above, wherein the lithium 
silicate material Subjected to the heat treatment and pressing 
comprises lithium metasilicate crystals which are converted 
into lithium disilicate crystals during the heat treatment and 
pressing is more preferred. 
(0077. A further preferred embodiment of the present 
invention is formed by a process as described above which 
comprises an increasing of strength and fracture toughness of 
the lithium silicate material. 

0078. A process for the manufacture of a dental restoration 
as described above is preferred, wherein the dental restoration 
has a biaxial strength of at least 250 MPa and a fracture 
toughness of at least 1.5 MPam'. 
0079 A process for the manufacture of a dental restoration 
as described above further comprising finishing the dental 
restoration to obtain a natural appearance is preferred. 
0080 Same is true for a process as described above, 
wherein the finishing step comprises applying a coating to the 
dental restoration by layering with powdered materials or by 
hot pressing a coating material onto the unfinished dental 
restoration. 

I0081. A process as described above wherein the third heat 
treatment occurs during a firing of the layering materials or 
the hot pressing of the coating material onto unfinished the 
dental restoration is even more preferred. 
I0082. Thus, a product is finally obtained which has all the 
beneficial mechanical, optical and stability properties making 
lithium disilicate ceramics attractive for use as dental restor 
ative materials. However, these properties are achieved with 
out the disadvantages of the conventional materials when 
shaped by using a CAD/CAM based process, in particular the 
undue wear of the milling and trimming tools. 
I0083 Consequently, the invention also relates to a lithium 
disilicate glass ceramic product which is obtainable by the 
above process for its preparation and has lithium disilicate as 
main crystalline phase. Preferably, the lithium disilicate glass 
ceramic product according to the invention is in the form of a 
dental restoration. It is further preferred that in the lithium 
disilicate glass ceramic the lithium disilicate crystals form 60 
to 80% by volume of the glass ceramic. 
I0084. The conversion of the lithium metasilicate glass 
ceramic according to the invention to a lithium disilicate glass 
ceramic product is associated with a surprisingly high 
increase in strength by a factor of up to about 4. Typically, the 
lithium metasilicate glass ceramic of the invention has a 
strength of about 100 MPa, and the conversion leads to a 
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lithium disilicate glass ceramic having a strength of more than 
400 MPa (measured as biaxial strength). 
0085. The invention is also directed to a lithium silicate 
blank as described above, wherein the holder is jointed and 
connected with the holder. 
0.086 Alithium silicate blankas described above, wherein 
the holder is from a different material from the blank forms 
one embodiment of the invention. 
0087 Alithium silicate material blank as described above, 
wherein the holder is made from an alloy, from a metal, from 
a glass ceramic or from a ceramic forms a preferred embodi 
ment of the invention. 
0088 Alithium silicate blankas described above, wherein 
the holder is made from the same material as the blank and is 
integral with the blank is another embodiment of the inven 
tion. 
0089 Alithium silicate blankas described above, wherein 
the blank is labelled with information is another preferred 
embodiment. 

0090 Same is true for a lithium silicate blank as described 
above, wherein the information on the blank comprises the 
material, the size and the type of the shape, which is to be 
machined from the blank. 
0091 Another aspect of the present invention is directed to 
a method for manufacturing a lithium silicate restoration 
comprising preparing a lithium silicate blank as described 
above, and thereafter coating a dental restoration with the 
lithium silicate blank. 

0092. A method for manufacturing a dental restoration as 
described above wherein a dental framework is coated by hot 
pressing the lithium silicate blank onto the dental framework 
is preferred. 
0093. A method for manufacturing a dental restoration as 
described above, wherein the dental framework is a crown, a 
partial crown, a bridge, a coping, a Veneer, a facing or an 
abutment is more preferred and such a method, wherein the 
dental framework is made from a metal, an alloy, a ceramic or 
a glass ceramic is even more preferred. 
0094. A method for manufacturing a dental restoration as 
described above, wherein the ceramic comprises Zirconium 
oxide, aluminium oxide, a Zirconium mix oxide, an alu 
minium mix oxide, or a combination thereof forms a particu 
larly preferred embodiment of the invention. 
0095. A method for manufacturing a dental restoration as 
described above wherein the lithium silicate blank which is 
coated onto the framework comprises lithium metasilicate 
crystals which are converted to lithium disilicate crystals, or 
the lithium silicate blank comprises nuclei suitable for form 
ing lithium metasilicate crystals which crystallize as lithium 
disilicate crystals during the hot pressing of the lithium sili 
cate blank onto the dental framework is another preferred 
object of the invention. 
0096. The invention is explained in more detail below on 
the basis of Examples. 

EXAMPLES 

Examples 1 to 18 (Invention), 19 to 20 (Comparison) 
and 21 to 23 (Invention) 

0097. A total of 18 different lithium metasilicate glass 
ceramic products according to the invention as well as two 
ceramics for comparison with the chemical compositions 
given in Table III were prepared by carrying out stages (a) to 
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(d) of the process described above and finally converted to 
lithium disilicate glass ceramic products by step (e) of the 
process described above: 
0098. For this purpose samples of the corresponding start 
ing glasses were melted in a platinum-rhodium crucible at a 
temperature of 1500° C. and for a period of 3 hours (a). 
0099. The glass melts obtained were then poured into steel 
moulds which were preheated to 300° C. After 1 minute the 
glass blanks were transferred into a furnace which was pre 
heated to a temperature between 450 and 550°C. The exact 
values, KBTIC. and KB trmin, are given for each sample 
in Table III. After this relaxation and nucleation process (b 
and c) the blocks were allowed to cool to room temperature. 
The nucleated samples were homogeneous and transparent. 
0100. The glass blanks, which contained nuclei for the 
crystallization, were then Subjected to step (d), i.e. the second 
heat treatment, to crystallize lithium metasilicate, which 
means that the glass blanks were exposed to a temperature of 
about 650° C. for a period of about 20 minutes, except 
example 3, which was crystallized at 600° C. 
0101 The course of the crystallization was investigated by 
DSC-measurement and the resulting crystal phases were ana 
lyzed by XRD to identify the ideal conditions for this heat 
treatment. “Ideal conditions” in the sense of the present 
invention are present in case the two crystallization peaks of 
the meta- and the disilicate phase respectively are differing to 
Such an extend that in the production process a neat differen 
tiation can be implemented, i.e. when heating a sample to the 
first crystallization temperature it has to be secured that when 
reaching the desired temperature within the sample the tem 
perature at the outer regions of the sample does not reach the 
second crystallization temperature, i.e. the bigger the tem 
perature difference of the first and the second crystallization 
temperature is the bigger the sample mass can be. 
0102) To further illustrate the process FIG. 2 shows a 
DSC-plot of one of the examples, example 13, a quenched 
and powdered glass sample, which was heated with a heating 
rate of 10 K/min. The crystallisation of lithium metasilicate 
(1), the crystallisation of lithium disilicate (2) as well as the 
glass transition temperature (3) and the temperature range (4) 
for the first crystallisation are clearly visible from said DSC 
plot. 
0103 Also an example for the analysis of phase develop 
ment by high temperature XRD from the same example 13 is 
given. FIG.3 therefore shows the measurement of a bulk glass 
sample at a constant heating rate of 2 K/min. It can be recog 
nized from said measurement that in this case the crystallisa 
tion of the lithium metasilicate (1) occurs at a temperature of 
510° C. and that in this case the resolution of the lithium 
metasilicate and the crystallization of the lithium disilicate 
(2) occur at a temperature of 730° C. 
0104 FIG. 4 represents a phase analysis by XRD of 
example 13 after nucleation at 500° C. for 7 min and first 
crystallisation at 650° C. and 20 min. 
0105. The corresponding data are summarized in Table I: 

TABLE I 

1 2 
d-spacing in 0.1 d-spacing in 0.1 nm 3 
nm of scan of pattern Index 

4.628 4.690 LSO20 
3.296 3.301 LS 111 

2.708 LS 130 
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TABLE I-continued 

1 2 
d-spacing in 0.1 d-spacing in 0.1 nm 3 
nm of scan of pattern Index 

2.685 2.700 LS 200 
2.355 2.342 LS 131 
2.333 2.331 LSOO2 

0106 FIG. 5 shows an SEM-micrograph, backscattered 
electrons, of the same example having the same thermal his 
tory, with the surface being etched with 1% HF for 8s. Clearly 
visible are holes that show former lithium metasilicate crys 
tals. 

0107 The resulting blocks were now ready for step (e), 
which means shaping the lithium metasilicate glass ceramic 
to the desired shape, either by saw cutting, or by milling it in 
a CAD-CAM milling machine (i.e. CEREC 3.R.). The 
obtained lithium metasilicate glass ceramic blanks were ana 
lyzed for their machinability and their edge strength. 10 discs 
were cut from a rod with 12 mm diameter for biaxial strength 
measurements. The results of these analyses are given in 
Table IV. Ten more discs were prepared and subjected to a 
third heat treatment (f). 
0108. In case the blanks contain colouring and fluorescent 
oxides the blocks in the state of the metasilicate appear to 
have a reddish or bluish colour. This effect vanishes when the 
disilicate phase forms and the blanks turn to the colour that is 
desired. 

0109 Finally, the lithium metasilicate glass ceramic 
blanks were Subjected to a second crystallization, step (f), at 
850° C. for 10 min, except example 3 which was crystallized 
at 830°C., i.e. the third heat treatment which is in general 
performed attemperatures of 700 to 950° C., preferably 820 
to 880° C. and for a period of 5 to 30 minutes, preferably 5 to 
20 minutes, to convert the lithium metasilicate into lithium 
disilicate. 

0110. The obtained products were analyzed for their crys 
tal phases. To further illustrate the procedure the phase analy 
sis for example 13 after nucleation at 500° C. for 7 min, first 
crystallization at 650° C. for 20 min and second crystalliza 
tion at 850° C. for 10 is shown in FIG. 6. The corresponding 
data are summarized in Table II. 

TABLE II 

1 2 
d-spacing in 0.1 nm d-spacing in 0.1 nm 3 

of scan of pattern Index 

5.369 S.42O LS2110 
3.986 3.978 LP 120 
3.855 3.834 LP 101 
3.714 3.737 LS2 130 
3.629 3.655 LS2040 
3.562 3.581 LS2 111 
2.929 2.930 LS2 131 
2.901 2.908 LS2 200 
2.379 2.388 LS2002 
2.346 2.35 LS2 221 
2.283 2.29 LS2 151 
2.OSO 2.054 LS2 241 

0111 FIG. 7 shows an SEM-micrograph, backscattered 
electrons, of the same example having the same thermal his 

May 29, 2008 

tory, with the surface being etched with 3% HF for 30 s 
leading to the glassy phase being etched out and leaving the 
lithium disilicate crystals. 
0112. In addition to the analysis in respect to crystal 
phases the samples were also analyzed in respect to their 
biaxial strength and chemical durability. Furthermore, their 
translucence was assessed. The results are also given in Table 
IV. 
0113. In table IV, the detected crystalline phases are des 
ignated as follows: 

LS lithium metasilicate 

LS2 lithium disilicate 

LP lithium phosphate, 
0114 with the main phase being marked in bold type. 
0115 To gain information about the machinability tests 
were performed on a Cerec R3, with new tools being used for 
each test. A Lego (R-Minicube served as a model which had 
to be milled from all compositions that were subjected to this 
test and from a leucite-enforced glass ceramic of the name 
ProCADR) from Ivoclar Vivadent AG. The operating 
sequence was as follows: First a blank of ProCADR) was 
milled, thenablank of the ceramic to be tested was milled and 
after that again a ProCADR) blank was milled. The machin 
ability was rendered “very good’ in case the time that was 
required to mill the blank of the ceramic to be tested was 
below 95% of the time that was required to mill the ProCADR) 
blank. Times in the range of 95 to 105% of said time led to the 
mark “good for the machinability, times in the range of 105 
to 115% to “acceptable” and times above 115% to “poor”. 
The medium time required for the milling process was 14.0 
minutes. 
0116. To compare the machinability of the test samples 
with another glass ceramic a blank made according to the 
composition disclosed in DE 19750 794 was prepared and 
subjected to the test described above. After 15 minutes the test 
was abandoned since only about 10% of the volume to be 
milled was already milled and the tools used for milling were 
already worn out, something that did not happen with any of 
the test samples. 
0117 The edge strength was determined as follows: 
0118 With a milling unit (CEREC3(R) blanks were milled 
to result in Lego-minicubes. With a 1.6 mm cylindrical dia 
mond cutter blind holes were milled. The quality of said blind 
holes was determined by comparing the area of the broken out 
edges with those of a reference sample (ProCADR). The 
relation of the area of the broken out edges to the area of the 
blind bore is an allocation for the edge strength. 
0119) An edge strength is considered to be “very good in 
case the relation of said areas is smaller than that of the 
reference, it is considered to be “good in case the relations 
are about the same and it is considered to be “acceptable' in 
case the area is bigger than 110% of the reference sample. 
0.120. The chemical durability was determined according 
to ISO 6872, i.e. as loss of mass after 16 h in 4% acetic acid 
at 80° C. “Good' means that the solubility according to said 
method is below 100 ug/cm. 
I0121 The strength was measured as biaxial strength 
according to ISO 6872 or as 3 point bending strength accord 
ing to EN 843-1: 
0.122 Bars of 12 mm diameter were casted and crystal 
lized once. From these bars 20 discs with a thickness of 1.2 
mm each were sawn. 10 of these discs were then smoothed 
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and the surfaces of the discs were polished using SiC-paper of 
grain size 1000. Biaxial strength was measured as is disclosed 
in ISO 6872. The other 10 discs were crystallized a second 
time at 800 to 900° C. to give the lithium disilicate phase. 
These solidified samples were smoothed on both sides and the 
surfaces were polished using SiC-paper of grain size 1000. 
Biaxial strength was then measured according to ISO 6872. 
0123. By comparison bending strength was measured on 
bars with dimensions of 253.53.0 mm were sawn out of a 
block of the lithium metasilicate glass ceramic. These bars 
were smoothed to result in bars having dimensions of 252. 
5*2.0 mm which were then polished using SiC-paper of grain 
size 1000. The edges were also bevelled with SiC-paper of 
grain size 1000. The span was 20 mm. The results are com 
parable to biaxial strength results. 
0.124. In addition to this, fracture toughness was deter 
mined by applying a Vickers indentation onto a polished 
Surface and measuring the size of the flaws originating from 
the edges (Indentation Force Method ... IF). This method is 
useful as comparative method but does not result in absolute 
values. For comparison measurements were performed on 
notched bending samples (SENB, SEVNB). For the lithium 
disilicate glass ceramics fracture toughness values>2 
MPam were obtained. 
0.125. In Table II the values for the biaxial strength and the 
fracture toughness of the samples having the disilicate phase, 
i.e. those samples that were crystallized twice, are given. In 
addition to that quotients are given which give the ratio of the 

KBT 
C. 

KB t 
min 
wt % 

SiO2 
KO 
Na2O 
SrO 
BaO 
CaO 
Li2O 
Al2O3 
POs 
MgO 
ZrO2 
ZnO 

TiO, 
V2O6 
Fe2O3 
MnO2 
CeO, 
YaC) 
La2O3 
Pr2O3 
Ta2O6 
TbO, 
Er-O 

1OOO 100.0 100.O 100.0 
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biaxial strength of the disilicate system to the biaxial strength 
of the metasilicate system (biaxial solidification factor) or the 
ratio of the fracture toughness of the disilicate system to the 
fracture toughness of the metasilicate system (Solidification 
factor KlC). 
0.126 Translucence was determined after the second crys 
tallization: a test piece 16 mm diameter and having a thick 
ness of 2 mm was prepared and polished on both sides. The 
contrast value CR was determined according to BS 5612 
(British Standard) using a spectral calorimeter (Minolta 
CM-3700d). The determination of the contrast value con 
sisted of two single measurements. The test piece to be ana 
lyzed is therefor placed in front of a black ceramic body 
having a reflexion of 4% at most and accordingly in front of a 
white ceramic body having a reflexion of 86% at minimum 
which are then colourmetrically determined. Using highly 
transparent test pieces reflexion/absorption is mainly caused 
by the ceramic background whereas reflexion is caused by the 
test piece in case an opaque material is used. The ratio of 
reflected light on black ground to reflected light on white 
ground is the quantum for the contrast value, with total trans 
lucence leading to a contrast value of 0 and total opaques 
cence leading to a contrast value of 1. The samples were rated 
as follows: 
extraordinary: CR-0.4 
very good: 0.4-CR<0.5 

acceptable: 0.6-CR<0.8 
opaque: 0.8<CR. 

TABLE III 

Expl No. 

1 2 3 4 5 6 7 8 9 10 

500 490 52O 500 500 500 500 500 500 500 

10 30 5 30 10 10 10 10 10 10 

69.3 73.0 64.O 68.1 70.1 69.O 68.6 699 68.6 68.8 
4.3 4.4 4.2 4.2 4.5 4.3 4.3 4.4 2.0 S.O 

2.0 
2.0 

2.0 2.0 
2.0 

15.3 17.0 13.0 1S.O 1S.S 15.2 15.1 15.4 15.1 15.1 
1.1 1.1 4.0 S.O 1.1 1.1 1.1 1.1 3.0 1.1 
3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 S.O 3.8 
1.O O.O 1.O O.O S.O 1.O 1.O 1.O O.O 1.O 

2.O 
5.2 0.7 6.O 3.9 O.O 3.6 4.1 2.4 4.3 3.2 

2.0 

1OOO 10O.O 1OOO 100.0 100.O 10O.O 

Expl No. 

11 12 13 14 15 16 17 18 19 2O 



US 2008/O120994 A1 

TABLE III-continued 

KBT 520 500 
C. 

KB t 10 10 

min 

SiO, 70.O 65.7 
KO S.O 4.1 

SrO 
BaO 
CaO 
Li2O 1S.O 14.5 
Al2O3 1.1 1.1 
POs 2.O 3.8 
MgO O.9 1.O 
ZrO2 1.O 
ZnO 6.0 2.8 

TiO2 

MnO, 
CeO2 O.S 
YaC) 

PrO. 1.O 
Ta2O6 1.5 
TbO, 1.5 
Er-O 1.O 

1OOO 100.0 

phases present after 
1st crystallisation 
phases present after 
2nd crystallisation 
biaxial strength after 
2nd crystallisation 
biaxial solidification 
factor 
K1C MPm) after 
2nd crystallisation 
K1C solidification 
factor 
grinding time in 
comparison to ProCAD 
machinability 
edge strength 
translucency 
chemical durability 
(ISO 6872) 

phases present after 
1st crystallisation 
phases present after 
2nd crystallisation 
biaxial strength after 
2nd crystallisation 
biaxial solidification 
factor 
K1C MPm) after 
2nd crystallisation 
K1C solidification 
factor 

500 500 500 500 

7 7 7 10 

674 68.4 6S.O 70.O 
4.0 2.7 2.0 4.4 
O.1 1.O O1 O1 

2.0 
2.0 
1.O 

14.8 1S.O 14.0 16.0 
1.1 3.0 4.1 1.8 
3.8 3.5 3.8 3.8 
O.S O.1 O.O O.3 
O.1 O.1 O1 O1 
4.7 5.2 4.O 2.0 

O.2 

O.2 
2.0 1.O O4 1.0 

O.3 1.O. O.1 

O.S O.S. O.S 
O.3 

1OOO 100.0 

1 2 

LS LS, LS2 

LS2, LP LS2, LP 

359 424 

3.0 2.4 

1.6 2.2 

1.8 1.7 

93% 1.03% 

very good good 
good very good 

very good ill. 
good good 

11 12 

LS, LS2 LS 

LS2, LP, LS2, LP 

301 3S4 

1.7 2.9 

2.1 2.0 

1.6 1.9 

500 5 

70.O 
3.8 
O.1 

16.0 
1.1 
3.8 
O.1 
O.1 
4.5 

0.4 

LS 

LS2, LP 

250 

2.5 

1.9 

2.6 

95% 

very good 
good 
ill. 

good 

13 

LS 

LS2, LP 

381 

3.0 

1.9 

2.1 

OO SOO 

10 1O 

67.8 68.3 
4.1 4.3 
O.1 

1SO 15.1 
1.1 O.O 
3.8 3.8 
O.1 1.O 
O.1 
4.8 S.1 
1.6 

O.2 
O.S 
O.S 

2.4 
O.3 

500 

30 

67.7 
4.2 

14.9 
O.O 
3.8 
1.O 

3.4 

1OOO 10O.O 10O.O 1OOO 100.0 100.0 

TABLE IV 

Ex. No. 

4 5 

LS LS, LS2 

LS2, LP LS2, LP 

314 324 

3.4 2.4 

19 1.8 

2.5 1.6 

89% 98% 

very good good 
good good 
ill. ill. 

good good 

Ex. No. 

14 15 

LS LS 

LS2, LP LS2, LP 

389 342 

3.1 2.6 

2O 1.8 

18 2.0 

LS 

LS2, LP 

472 

3.5 

2.3 

2.4 

93% 

very good 
good 

extraordi 
good 

16 

LS 

LS2, LP 

329 

2.9 

17 

1.6 

7 

LS 

426 

3.5 

1.8 

2.0 

94% 

very good 
acceptable 

ill. 

good 

17 
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8 9 10 

LS, LS2 LS LS 

LS2, LP LS2, LP LS2, LP LS2, LP 

404 356 319 

2.3 3.2 2.7 

2.4 1.9 1.8 

1.9 1.9 1.8 

105% 94% 94% 

good very good very good 
good acceptable good 
n.m. acceptable ill. 
good good good 

18 19 2O 

LS LS2 LS2 LS 

LS2, LP 

420 

3.2 

2.1 

2.2 

387 440 40S 

3.4 2.2 2.1 

1.9 1.8 1.9 

1.9 1.O 1.5 
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0127. The data in Table II show that the lithium metasili 
cate glass ceramics combine a very good machinability and 
high edge strength with the easy possibility to convert them 
by a simple heat treatment into lithium disilicate glass ceram 
ics which have a very high bending strength as well as an 
excellent chemical durability and good translucence, all of 
which being properties which make them very attractive as 
materials useful for the manufacture of dental restorations. 
0128. In the following some examples are described in 
more detail: 

Example 1 

0129. The glass was molten at a temperature of 1500° C. 
for 3 hours and was then poured into steel moulds which were 
preheated to 300° C. After one minute the glass bars were 
transferred into a cooling furnace and were tempered at 500 
C. for 10 minutes and then cooled to room temperature. 
0130. The glass was homogeneous and transparent. 
0131. Following the glass bar was subjected to a first crys 

tallization at 650° C. for a period of 20 minutes. 
0132. From the such ceramized bar, discs were sawn out of 
a round bar, and biaxial strength was measured. The phase 
content was analyzed via XRD (X-ray diffraction). Lithium 
metasilicate was the only phase that was detected. Biaxial 
strength was 119--/-25 MPa. 
0.133 Also the milling time of test bodys was measured. 
The milling time of the test body was one minute below that 
of ProCADR), which was used as reference. 
0134. The edge strength was good. 
0135 Additional 10 discs were subjected to a second crys 

tallization at 850° C. for a period of 10 minutes and biaxial 
strength and fracture toughness were measured. 
0.136 Biaxial strength was 359+/-117 MPa which corre 
lates to a solidification factor of 3.0. 
0137 Fracture toughness (IF) was 1.6 MPam'. 
0138 Translucence was very good. 
0.139. The chemical stability according to ISO 6872 (4% 
acetic acid, 80°C., 16 h) was 37 g/cm. 

Example 6 

0140 Glass bars were produced according to example 1. 
The glass again was homogeneous and transparent. 
0141. The first crystallization was performed at 650° C. 
for a period of 20 minutes. 
0142 Lithium metasilicate was determined to be the main 
phase with traces of lithium disilicate also being present. 
Biaxial strength was 135+/-24MPa. 
0143 Again the milling time of a test body was measured. 
The milling time of the test body was one minute below that 
of ProCADR), which again was used as reference. 
0144. The edge strength was very good. 
0145 After a second crystallization which was performed 
according to example 1 the biaxial strength was 472+/-85 
MPa which correlates to a solidification factor of 3.5. 
0146 Fracture toughness (IF) was 2.3 MPam'. 
0147 Translucence was extraordinary. 

Example 9 

0148 Glass bars were produced according to example 1. 
The glass again was homogeneous and transparent. 
0149. The first crystallization was performed at 650° C. 
for a period of 20 minutes. 
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0150 Lithium metasilicate was determined to be the only 
phase. Biaxial strength was 112+/- 13 MPa. 
0151. Again the milling time of a test body was measured. 
The milling time of the test body was one minute below that 
of ProCADR), which again was used as reference. 
0152 The edge strength was good. 
0153. After a second crystallization which was performed 
according to example 1 the biaxial strength was 35.6+/-96 
MPa which correlates to a solidification factor of 3.16. 
0154 Fracture toughness (IF) was 1.9 MPam'. 
0155 Translucence was acceptable. 

Example 20 
Comparison 

0156 Glass bars were produced according to example 1. 
The glass again was homogeneous and transparent. 
(O157. The first crystallization was performed at 650° C. 
for a period of 20 minutes. 
0158 Lithium disilicate was determined as the main phase 
and lithium metasilicate was only present in traces. Biaxial 
strength was 194+/-35 MPa. 
0159. Again the milling time of a test body was measured. 
The milling time of the test body was four minutes longer that 
of ProCADR), which again was used as reference. 
0160 The edge strength was poor. 
0.161. After a second crystallization which was performed 
according to example 1 the biaxial strength was 405+/-80 
MPa which correlates to a solidification factor of 2.09. 
(0162 Fracture toughness (IF) was 1.88 MPam'. 
0163 Translucence was very good. 
0164. This example makes it even more obvious that in the 
light of the glass ceramic materials according to the invention 
the adverse properties in respect to machinability of the prior 
art material disqualify same to be used in applications as are 
mentioned above. 
0.165. The following examples 21 to 23 show the useful 
ness of the lithium silicate glass according to the invention 
which comprises nuclei suitable for the formation of lithium 
metasilicate and Subsequently lithium disilicate glass ceram 
1CS 

Example 21 

0166 A glass melt having the composition according to 
example 14 was melted in a platinum crucible at a tempera 
ture of 1500° C. for 3 hours. The glass was not poured in a 
steel mould, but quenched in water. Thus, a glass granulate 
formed which was dryed and subsequently heated to 500° C. 
for 30 minutes to produce nuclei suitable for the formation of 
lithium metasilicate crystals. The obtained glass was milled 
to a particle size of less than 45 um. 
0167. The obtained powder was mixed with a modelling 
liquid consisting of more than 95% water and additives for 
improving moldability and layered on a crown cap of densely 
sintered Zirconium oxide, e.g. DCS-Zircon. 
0.168. The crown cap was fired in a dental furnace at a 
temperature of 900°C. with 2 minutes holding time. By this 
procedure the applied glass powder containing nuclei for the 
crystallization was simultaneously crystallized and densely 
sintered so that a dentine core of lithium disilicate glass 
ceramic resulted. On this core a suitable incisal mass having 
a Suitable expansion coefficient was applied. 
0169. The final anterior tooth restauration showed good 
resistance against rapid temperature changes up to 160° C. 
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This proves a good bond between the dentine layer of lithium 
disilicate glass ceramic and the framework of high-strength 
Zirconium oxide. 

Example 22 
0170 Bars of a glass having a composition according to 
example 14 were prepared in the same manner as in example 
1. The glass bars were homogenous, transparent and light 
yellow coloured. A crown cap of densely-sintered Zirconium 
oxide was circularly reduced. Subsequently a dentine core 
was layered with dental wax and the crown margin was mod 
eled on the stump. The restauration was provided with a 
cast-on channel. The crown cap was applied on a muffle basis 
and embedded in investment material. (Empress Speed, Ivo 
clar). After the required binding time the muffle was pre 
heated to 850° C. resulting in the removal of the wax. After 90 
minutes a blank of the above lithium silicate glass having 
nuclei for forming lithium metasilicate was put in the muffle 
and pressed on the cap of zirconium oxide in accordance with 
the known Empress-hot pressing process at 900° C. This 
resulted in crystallization of the glass blank to a lithium 
disilicate glass ceramic. 
0171 After divesting, the final product was a zirconium 
oxide cap having a dentine layer of lithium disilicate glass 
ceramic. This dental restoration showed an excellent fit of the 
circular edge on the model. Furthermore, the So-prepared 
dentine layer was free from porosities. 

Example 23 

0172 A metal cap of an alloy having an expansion coef 
ficient of 12.8°10' 1/K and a solidification temperature of 
1100°C. was prepared in a cast process, sand-blasted and by 
an oxidation-firing step prepared for the further processing. 
0173. In an analogous manner as in example 22 a dentine 
core was applied on the cap using modeling wax. The metal 
cap was embedded, and the wax was removed by firing in a 
furnace. As in example 22 a blank of the lithium silicate glass 
having Suitable nuclei was hot-pressed on the metal cap at 
900° C. 
0.174. The so-prepared dental restoration showed a good 
bond between metal framework and the lithium disilicate 
glass ceramic and also had a high resistance against drastic 
temperature changes of above 160° C. 

1. A process for manufacturing a lithium silicate restora 
tion comprising preparing a lithium silicate blank which com 
prises 

(a) producing a melt of a starting glass containing the initial 
components SiO, Li2O, KO. Al-O and POs as the 
main components 

(b) pouring the melt of the starting glass into a mould to 
form a starting glass blank and cooling the glass blankto 
room temperature, 

(c) subjecting the starting glass blank to a first heat treat 
ment at a first temperature to give a glass product which 
contains nuclei Suitable for forming lithium metasilicate 
crystals, 

(d) Subjecting the glass product of step (c) to a second heat 
treatment at a second temperature which is higher than 
the first temperature to obtain the lithium silicate blank 
with lithium metasilicate crystals as the main crystalline 
phase, 

and 
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(e) shaping the lithium silicate blank into a dental restora 
tion. 

2. A process according to claim 1, wherein the shaping of 
the lithium silicate blank into a dental restoration of step (e) 
comprises coating a dental framework with the lithium sili 
cate blank. 

3. A process according to claim 2 wherein the dental frame 
work is coated by hot pressing the lithium silicate blank onto 
the dental framework. 

4. A process according to claim 3, wherein the dental 
framework is a crown, a partial crown, a bridge, a coping, a 
Veneer, a facing or an abutment. 

5. A process according to claim 4, wherein the dental 
framework is made from a metal, an alloy, a ceramic or a glass 
ceramic. 

6. A process according to claim 5, wherein the ceramic 
comprises Zirconium oxide, aluminium oxide, a Zirconium 
mix oxide, an aluminium mix oxide, or a combination 
thereof. 

7. A process according to claim 3, wherein the lithium 
silicate blank which is coated onto the framework comprises 
lithium metasilicate crystals which are converted to lithium 
disilicate crystals, or the lithium silicate blank comprises 
nuclei Suitable for forming lithium metasilicate crystals 
which crystallize as lithium disilicate crystals during the hot 
pressing of the lithium silicate blank onto the dental frame 
work. 

8. A process according to claim 1, wherein the starting 
glass blank of step (b), the glass product containing nuclei 
suitable for forming lithium metasilicate of step (c), or the 
lithium silicate blank with lithium metasilicate as the main 
crystalline phase of step (d) is shaped to a desired geometry 
by machining or by hot pressing to form a shaped lithium 
silicate product. 

9. A process according to claim 8 wherein the dental res 
toration is an inlay, an onlay, a bridge, an abutment, a facing, 
a veneer, a facet, a crown, a partial crown, a framework or a 
coping. 

10. A process according to claim 8 wherein the machining 
is performed by grinding or milling. 

11. A process according to claim 10, wherein the machin 
ing is controlled by a computer. 

12. A process according to claim 8, further comprising 
Subjecting the shaped lithium silicate product to a third heat 
treatment at a third temperature of about 700 to 950° C. for a 
period of about 5 to 30 minutes. 

13. A process according to claim 12 wherein the lithium 
silicate product subjected to the third heat treatment com 
prises lithium metasilicate as the main crystalline phase, and 
wherein the third heat treatment converts the lithium meta 
silicate crystals to lithium disilicate crystals as the main crys 
talline phase. 

14. A process according to claim 12 wherein the lithium 
silicate product subjected to the third heat treatment com 
prises the glass product containing nuclei Suitable for forming 
lithium metasilicate crystals, and wherein lithium disilicate 
crystals are crystallized directly from the nuclei suitable for 
forming lithium metasilicate crystals. 

15. A process according to claim 12, wherein the linear 
shrinkage that occurs during the third heat treatment is about 
O2 to 0.3%. 

16. A process according to claim 8 which comprises shap 
ing of a lithium silicate material to the desired geometry by 
hot pressing to produce the dental restoration. 
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17. A process for manufacturing a dental restoration 
according to claim 16 wherein the hot pressing comprises 
Subjecting the lithium silicate material to a heat treatmentata 
temperature of about 500 to 1200° C. to convert the lithium 
silicate material into a viscous state and pressing the Viscous 
lithium silicate material under a pressure of about 1 to 4MPa 
into a mould or dye to obtain the dental restoration with a 
desired geometry. 

18. A process according to claim 17 wherein the lithium 
silicate material Subjected to the heat treatment and pressing 
comprises lithium metasilicate crystals which are converted 
into lithium disilicate crystals during the heat treatment and 
pressing. 

19. A process according to claim 12 which comprises an 
increasing of strength and fracture toughness of the lithium 
silicate material. 
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20. A process according to claim 8, wherein the dental 
restoration has a biaxial strength of at least 250 MPa and a 
fracture toughness of at least 1.5 MPam'. 

21. A process according to claim 8, further comprising 
finishing the dental restoration to obtain a natural appearance. 

22. A process according to claim 21, wherein the finishing 
step comprises applying a coating to the dental restoration by 
layering with powdered materials or by hot pressing a coating 
material onto the unfinished dental restoration. 

23. A process according to claim 12, wherein the third heat 
treatment occurs during a firing of the layering materials or 
the hot pressing of the coating material onto the unfinished the 
dental restoration. 

24. A process according to claim 17, which comprises an 
increasing of strength and fracture toughness of the lithium 
silicate material. 


